Mechanism of hydrogen peroxide formation catalyzed by NADPH oxidase in thyroid plasma membrane.
The thyroid plasma membrane contains a Ca2(+)-regulated NADPH-dependent H2O2 generating system which provides H2O2 for the thyroid peroxidase-catalyzed biosynthesis of thyroid hormones. The plasma membrane fraction contains a Ca2(+)-independent cytochrome c reductase activity which is not inhibited by superoxide dismutase. But it is not known whether H2O2 is produced directly from molecular oxygen (O2) or formed via dismutation of super-oxide anion (O2-). Indirect evidence from electron scavenger studies indicate that the H2O2 generating system does not liberate O2-, but studies using the modified peroxidase, diacetyldeuteroheme horseradish peroxidase, to detect O2- indicate that H2O2 is provided via the dismutation of O2-. The present results provide indirect evidence that the cytochrome c reductase activity is not a component of the NADPH-dependent H2O2 generator, since it was removed by washing the plasma membranes with 3-[(3-cholamidopropyl)dimethylammonio]-1-propanesulfonic acid without affecting H2O2 generation. Spectral studies with diacetyldeuteroheme-substituted horseradish peroxidase showed that the thyroid NADPH-dependent H2O2 generator does not catalyze superoxide anion formation. The O2- adduct compound (compound III) was formed but was completely inhibited by catalase, indicating that the initial product was H2O2. The rate of NADPH oxidation also increased in the presence of diacetylheme peroxidase. This increase was blocked by catalase and was greatly enhanced by superoxide dismutase. The O2- adduct compound (compound III) was produced in the presence of NADPH when glucose-glucose oxidase (which does not produce O2-) was used as the H2O2 generator. NADPH oxidation occurred simultaneously and was enhanced by superoxide dismutase. We conclude that O2- formation occurs in the presence of an H2O2 generator, diacetylheme peroxidase and NADPH, but that it is not the primary product of the H2O2 generator. We suggest that O2- formation results from oxidation of NADPH, catalyzed by the diacetylheme peroxidase compound I, producing NADP degree, which in turn reacts with O2 to give O2-.